Influence of dietary fat source and feeding duration on pig growth Influence of dietary fat source and feeding duration on pig growth performance, carcass composition, and fat quality performance, carcass composition, and fat quality Influence of dietary fat source and feeding duration on pig growth performance, Influence of dietary fat source and feeding duration on pig growth performance, carcass composition, and fat quality carcass composition, and fat quality Abstract Abstract A total of 160 finishing pigs (PIC 327 Ã-1050; initially 100.5 lb) were used in an 84-d experiment to evaluate the effects of dietary fat source and feeding duration on growth performance, carcass characteristics, and fat quality. Dietary treatments included a corn-soybean meal control diet with no added fat or a 3 Ã-3 factorial with main effects of fat source (4% tallow, 4% soybean oil, or a blend of 2% tallow and 2% soybean oil) and feeding duration (d 0 to 42, 42 to 84, or 0 to 84). One pig was identified in each pen on d 0, and biopsy samples of the back, belly, and jowl fat were collected on d 0, 41, and 81. At the conclusion of the study, all pigs were harvested, carcass characteristics were measured, and back, belly, and jowl fat samples were collected. Overall (d 0 to 84), there were no differences between fat sources for growth and carcass characteristics; however, pigs fed diets with added fat from d 0 to 84 had improved (P < 0.036) F/G compared with pigs fed a control diet without added fat. Pigs fed added fat throughout the entire study also had improved (P < 0.042) ADG and F/G and heavier d-84 BW (P < 0.006) compared with pigs fed additional fat for only period 1 or 2. Adding fat for the entire study increased (P < 0.032) backfat and tended to reduce (P < 0.083) fat-free lean index compared with pigs fed the control diet without added fat. Added fat also increased (P < 0.05) iodine value (IV) compared with pigs fed the control diet. Increasing the feeding duration of soybean oil or a blend of soybean oil and tallow decreased monounsaturated and increased polyunsaturated fatty acids relative to feeding tallow (duration Ã-fat source interaction, P < 0.05), with the greatest changes in C18:1 and C18:2, respectively. In conclusion, feeding added fat improved ADG and F/G; however, feeding soybean oil for increasing duration, either alone or in a blend with tallow, negatively affected the fatty acid composition and IV of finishing pigs. 
Introduction
Iodine value (IV) is commonly used by pork processors to evaluate pork fat quality. Measuring IV provides processors with an indication of the amount of unsaturated fatty acids present in fat. Processors that are measuring IV target a value of 73 to 75g/100 g (Benz et al., 2010 Feeding different dietary fat sources as well as ingredients high in unsaturated fat such as dried distillers grains with solubles (DDGS) has been shown to affect IV. When feeding a diet high in unsaturated fat sources, carcass fat quality as measured by IV will decrease (Asmus et al., 2011 4 ) . It has been shown that removing unsaturated fat sources in late finishing diets can partially alleviate some of the negative effects on pork fat quality. Adding a saturated fat source such as beef tallow in late finishing diets also has been shown to positively affect IV (Browne et al., 2013 5 ).
Therefore, this study was conducted to determine the effects of feeding soybean oil, beef tallow, or a blend of the two as well as feeding duration of the dietary fat sources on finishing pig growth performance, carcass characteristics, and IV of belly, jowl, and backfat.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. Pigs were housed at the Kansas State University Swine Teaching and Research Center finishing barn. The building is an environmentally controlled facility with 5 × 5-ft pens with totally slatted flooring. Each pen is equipped with a dry self-feeder and a nipple waterer to provide ad libitum access to feed and water. Upon placement in the barn, pigs were fed a corn-soybean meal-based diet without added fat for 1 wk prior to the start of the experiment.
A total of 160 finishing pigs (PIC 327 × 1050; average initial BW of 100.5 lb) were used in an 84-d study. Pens of pigs were blocked by sex and BW and allotted to 1 of 10 dietary treatments, with 2 barrows or 2 gilts per pen with a total of 8 pens per treatment. Dietary treatments consisted of a corn-soybean meal control diet with no added fat or a 3 × 3 factorial arrangement with main effects of fat source (4% tallow, 4% soybean oil, or a blend of 2% tallow and 2% soybean oil) and feeding duration (d 0 to 42, 42 to 84, or 0 to 84; Table 1 ). Pigs were fed the control corn-soybean meal diet when not fed diets containing added fat. Soybean oil, tallow, or a blend of the two was added to provide diets with a range of unsaturated and saturated fatty acid concentrations. Samples of the complete diets were analyzed for chemical composition (Table  2) , and soybean oil, tallow, and their blend were analyzed for fatty acid profiles (Table  3) . Diets were formulated and fed in 3 phases (d 0 to 28, 28 to 56, and 56 to 84. A constant standardized ileal digestible lysine:NE ratio was maintained within each phase by increasing soybean meal in the basal diet when adding fat. Dietary treatments were prepared at the K-State O.H. Kruse Feed Technology Innovation Center.
Pigs and feeders were weighed approximately every 2 wk to calculate ADG, ADFI, and F/G. Pigs were individually tattooed prior to marketing so carcass measurements could be collected. On d 84, pigs were transported to Natural Foods Holdings (Sioux Center, IA) for harvest. Carcass measurements taken at the plant included HCW, loin depth, and backfat thickness.
One pig from every pen was selected, and fat biopsy samples were collected and analyzed for fatty acid profile and IV on d 0, 41, and 81. For sample collection, pigs were restrained, the hair was clipped in each location (jowl, belly, and loin), and 1 mL of Lidocaine was administered to the sample location. After adequate time was given for the biopsy site to be desensitized, an 8-gauge needle was used to pierce the skin, and a 10-gauge needle biopsy needle was used to collect approximately 250 mg of fat tissue per biopsy site. Fat tissue samples were snap-frozen in liquid nitrogen, then stored in a -80˚F freezer until analysis.
Fatty acid profiles were analyzed by mixing 0.025 g of fat with 2 mL of benzene containing methyl tridecanoate as an internal standard (2 mg/mL of benzene, Fluka 91558) and 3 mL methanolic-HCl, then flushed with nitrogen. Tubes were then capped, vortexed, and heated for 2 h at 70°C. Tubes were vortexed every 30 min during the 2-h period. Tubes were then cooled to room temperature, mixed with 5 mL 6% K 2 CO 3 and 2 mL benzene, vortexed, then centrifuged at 500 × g for 5 min. The organic solvent layer was then analyzed by gas chromatography. An Agilent gas chromatograph (model 7890A, Santa Clara, CA) equipped with a HP-88 J&W Agilent GC capillary column (30 m × 0.25 mm × 0.20 μm film) was used for the analysis. The injection temperature was 250°C, the split ratio was 1:100, and the flame-ionization detector was set at 280°C and used hydrogen (35 mL/min), air (400 mL/min), makeup helium (25 mL/min), and helium carrier gas at constant flow (0.91 mL/min). The oven temperature program was set as follows: initial temperature of 80°C, hold 1 min, increase 14°C/min to 240°C, and hold 3 min. Supelco 37 Component FAME Mix (47885-U Supelco, SigmaAldrich) was used as a standard.
All data were analyzed as a randomized complete block design using the MIXED procedure in SAS (SAS Institute Inc., Cary, NC) with pen as the experimental unit. Pens were blocked by BW within sex. Block was included as a random effect, and fixed effects included sex, fat source, feeding duration, and all interactions. Hot carcass weight was used as a covariate for backfat, loin depth, and lean percentage. Statistical significance was determined at P < 0.05, and P-values falling within P > 0.05 and P < 0.10 were defined as a trend or tendency.
Results

Growth and carcass characteristics
From d 0 to 42 (period 1), pigs fed added fat had increased (P = 0.005) ADG and improved (P = 0.001) F/G compared with pigs fed the control diets without added fat (Table 4) . Pigs fed diets with added tallow or soybean oil had improved (P ≤ 0.002) F/G compared with pigs fed a diet containing a blend of soy oil and tallow.
From d 42 to 84 (period 2), pigs fed added dietary fat tended (P = 0.052) to have increased ADG and had improved F/G (P < 0.001) compared with those fed diets not containing added fat. No differences were observed among fat sources during period 2.
Overall (d 0 to 84), pigs fed added fat in both period 1 and 2 had increased (P = 0.018) ADG and improved (P = 0.042) F/G as well as greater final BW (P = 0.006) compared with pigs fed added fat only during a single period. In addition, pigs fed fat in both periods had improved (P = 0.036) F/G compared with pigs fed the control diet without added fat. Pigs fed diets with soybean oil tended to have improved (P = 0.092) F/G vs. those fed the diet containing a blend of soybean oil and tallow.
For carcass characteristics, adding fat in both periods increased (P = 0.032) backfat depth and tended to reduce (P = 0.083) fat-free lean index (FFLI) compared with pigs fed diets with no added fat. No differences were detected in HCW, percentage yield, or longissimus muscle area among treatments.
Fatty acid composition
Backfat. A feeding duration × fat source interaction (P < 0.030) was observed for C18:1, C18:2, C18:3, SFA, MUFA, and PUFA for pigs fed tallow vs. soybean oil and for C18:2, C18:3, C20:1, MUFA, and PUFA for pigs fed soybean oil vs. the blend of soybean oil and tallow (Table 5 ). In both of these interactions, MUFA was decreased but PUFA was increased by the addition of soybean oil, whereas the opposite effect was observed for those fed beef tallow. A feeding duration × fat source (tallow vs. a blend of soybean oil and tallow) interaction (P < 0.009) was also observed for C18:2, C18:3, and PUFA because the unsaturated fatty acids were increased to a greater extent in the blend of soybean oil and tallow than in tallow alone. Feeding period × fat source interactions (P < 0.010) were observed for C18:2, C18:3, MUFA, and PUFA for PUFA for the blend vs. soybean oil and tallow vs. soybean oil. For tallow vs. soybean oil, the interaction (P < 0.004) also was observed for C18:1 and C20:1. These interactions were a result of pigs fed soybean oil from d 42 to 84 having a greater increase in PUFA and reduction in MUFA on d 84 than when fed soybean oil from d 0 to 42, whereas feeding tallow or a blend of soybean oil and tallow had a similar impact on MUFA and PUFA, regardless of period fed. Adding 4% fat increased (P < 0.05) C18:2, C18:3, C20:1, C22:5n3, and PUFA and decreased (P < 0.05) C16:1, C18:1, SFA and MUFA compared with pigs fed the control diet during both periods. Feeding a blend of soybean oil and tallow decreased (P < 0.05) C16:1, C18:1, SFA, and MUFA on both d 42 and 84 and C18:3 on d 84 compared with those fed tallow. Feeding the blend of soybean oil and tallow also increased (P < 0.05) concentrations of C18:2, C18:3, and PUFA on both d 42 and 84 compared with pigs fed tallow. Feeding soybean oil decreased (P < 0.05) C18:1, SFA, and MUFA on both d 42 and 84 but only decreased (P < 0.05) C16:1 and C20:1 when fed for 84 d compared with those fed the blend of soybean oil and tallow. Increases (P < 0.05) in C18:2, C18:3, and PUFA concentrations were observed on both d 42 and 84 for pigs fed soybean oil vs. the blend of soybean oil and tallow. In addition, pigs fed soybean oil had decreased (P < 0.05) concentrations of C16:1, C18:1, C20:1, SFA, and MUFA on both d 42 and 84 vs. those fed tallow. Similar to other comparisons, C18:2, C18:3, and PUFA increased (P < 0.05) on both d 42 and 84 for pigs fed soybean oil vs. tallow. C22:5n3 also increased (P < 0.05) on d 84 when pigs were fed soybean oil vs. tallow.
Belly fat. Feeding duration × fat source interactions (P < 0.05) occurred for tallow vs.
the blend of soybean oil and tallow and the blend vs. soybean oil for C18:2, C18:3, and PUFA (Table 6 ). An interaction was also observed for tallow vs. soybean oil for C18:1, C18:2, C18:3, SFA, MUFA, and PUFA. These interactions were a result of elevated PUFA and decreased SFA and MUFA, with increasing feeding duration of soybean oil relative to other fat sources. A feeding period × fat source (tallow vs. soybean oil) interaction (P < 0.05) was observed for C18:1, C18:2, C18:3, C20:1, MUFA, and PUFA. These were driven by decreased MUFA and increased PUFA levels in pigs fed soybean oil relative to pigs fed tallow. A feeding period × fat source (blend of soybean oil and tallow vs. soybean oil) interaction (P < 0.05) was observed for C18:2, C18:3, and PUFA, which again was due to increased concentrations in pigs fed soybean oil vs. the blend of soybean oil and tallow. Pigs fed the blend of soybean oil and tallow had a greater increase in C18:3 than those fed tallow (feeding period × fat source interaction, P = 0.001). Adding 4% fat increased (P < 0.05) C18:2, C18:3, MUFA, and PUFA and decreased (P < 0.05) C16:1, C18:1, and SFA for both periods compared with those fed the control diet without added fat. In addition, C20:1 decreased (P < 0.05) in pigs fed 4% fat compared with the control diet without fat. Feeding the blend of soybean oil and tallow increased (P < 0.05) C18:2, C18:3, and PUFA on both d 42 and 84 and C22:5n3 on d 42 compared with pigs fed tallow. Feeding the blend of soybean oil and tallow decreased (P < 0.05) C16:1, C18:1, and MUFA on both d 42 and 84 and decreased C20:1 on d 42 compared with those fed tallow. Feeding soybean oil decreased (P < 0.05) C18:1 and MUFA but increased (P < 0.05) C18:2, C18:3, and PUFA on both d 42 and 84 and increased C20:1 and SFA on d 84 compared with pigs fed the blend of soybean oil and tallow. Feeding soybean oil also decreased (P < 0.05) C16:1, C18:1, C20:1, and MUFA and increased (P < 0.05) C18:2, C18:3, C22:5n3, and PUFA on both d 42 and 84 and decreased SFA on d 84 compared with feeding tallow.
Jowl fat. A feeding duration × fat source interaction (P < 0.05) was observed among pigs fed tallow vs. soybean oil for C18:2, C18:3, C22:5n3, SFA, MUFA, and PUFA and for the blend of soybean oil and tallow vs. soybean oil for C18:2, C18:3, C20:1, and PUFA (Table 7) . These interactions were driven by the elevated concentrations of PUFA and reduced levels of MUFA and SFA with increasing feeding duration for soybean oil relative to other fat sources. For C18:3, feeding duration × fat source interactions (P = 0.001) were observed for tallow vs. the blend of soybean oil and tallow. A feeding period × fat source interaction also was observed for the blend of soybean oil and tallow vs. soybean oil as well as tallow vs. soybean oil. This was the result of a greater increase in C18:3 concentration in pigs fed soybean oil relative to tallow or the blend of soybean oil and tallow. Pigs fed tallow had a greater increase in C20:1 than pigs fed soybean oil (feeding period × fat source interaction, P = 0.017). Adding 4% fat increased (P < 0.05) C16:1, C18:2, C18:3, C22:5n3, and PUFA and decreased (P < 0.05) SFA and MUFA on both d 42 and 84 and decreased (P < 0.05) total C18:1 on d 42 compared with pigs fed the control diet. Feeding the blend of soybean oil and tallow increased (P < 0.05) C18:2, C18:3, C22:5n3, and PUFA and decreased C18:1 and MUFA on both d 42 and 84 and decreased (P < 0.05) C20:1 on d 84 compared with tallow. Feeding soybean oil decreased (P < 0.05) C18:1 and MUFA for both d 42 and 84 but decreased C20:1 only for d 84 compared with pigs fed the blend of soybean oil and tallow. Conversely, feeding soybean oil increased (P < 0.05) C18:2, C18:3, C22:5n3, and PUFA concentrations compared with pigs fed the blend of soybean oil and tallow. Feeding soybean oil decreased (P < 0.05) C16:1, C18:1, C20:1, and MUFA on both d 42 and 84 and SFA on d 84 and increased (P < 0.05) C18:2, C18:3, C22:5n3 and PUFA on both d 42 and 84 compared with pigs fed tallow.
Iodine value
Backfat. Pigs fed diets containing 4% added fat had increased (P < 0.05) backfat IV compared with those fed the control diet, but the increase in backfat IV was dependent on dietary fat source, duration of feeding (84 d vs. 42 d), and the period that the fat was fed (d 0 to 42 vs. d 42 to 84; Table 5 ). Fat source × feeding duration interactions occurred for tallow vs. the blend of soybean oil and tallow (P = 0.038), tallow vs. soybean oil (P = 0.001), and soybean oil vs. the blend of soybean oil and tallow (P = 0.003). When feeding fat for 84 d compared with 42 d, pigs fed soybean oil had an IV increase of 8.5 g/100 g, whereas pigs fed the blend of soybean oil and tallow had a 4.0 g/100 g increase. The feeding duration of tallow did not affect IV. The more unsaturated the diet fed to pigs, the greater the increase in IV when increasing feeding duration from 42 to 84 d. The fat source × feeding period interactions (P < 0.007) occurred for tallow vs. soybean oil and soybean oil vs. the blend of soybean oil and tallow. Pigs fed tallow from d 0 to 42 had backfat IV similar to those fed tallow from d 42 to 84. Pigs fed the blend of soybean oil and tallow from d 0 to 42 had backfat IV similar to those fed the blend from d 42 to 84; however, pigs fed soybean oil from d 0 to 42 had 6 g/100 g lower backfat IV than those fed soybean oil from d 42 to 84. Therefore, the period in which the fat was fed (d 0 to 42 vs. 42 to 84) influenced IV only when feeding soybean oil. For pigs fed fat from d 0 to 84, the blend of soybean oil and tallow or soybean oil increased backfat IV by 7.2 and 15.4 g/100 g, respectively, compared with those fed tallow. For pigs fed fat from d 0 to 42 and then the control diet from d 42 to 84, soybean oil and the blend of soybean oil and tallow increased backfat IV by 4.1 and 3.0 g/100 g, respectively, compared with those fed tallow. For pigs fed the control diet from d 0 to 42 and then added fat from d 42 to 84, soybean oil and the blend of soybean oil and tallow increased backfat IV by 11.2 and 5.0 g/100 g, respectively, compared with those fed tallow.
Belly fat. Pigs fed diets containing 4% added fat had increased (P < 0.05) belly fat IV compared with those fed a control diet (Table 6 ). Similar to backfat, belly fat IV was dependent on dietary fat source, duration of feeding (84 d vs. 42 d), and the period that the fat was fed (d 0 to 42 vs. d 42 to 84). A fat source × feeding duration interaction was observed for the blend of soybean oil and tallow vs. soybean oil (P = 0.004) and tallow vs. soybean oil (P = 0.001). There was also a tendency (P = 0.081) for a tallow vs. blend of soybean oil and tallow × feeding duration interaction. When fed fat for 84 vs. 42 d, IV pigs fed soybean oil had a 6.2 g/100 g increase and 2.5 g/100 g in pigs fed the blend of soybean oil and tallow. Feeding duration did not affect IV in pigs fed tallow. A fat source × feeding period interaction (P < 0.022) occurred for both tallow vs. soybean oil and the blend vs. soybean oil. Pigs fed tallow or the blend from d 0 to 42 had belly fat IV similar to pigs fed a similar diet from d 42 to 84; however, pigs fed soybean oil from d 0 to 42 had a 3.6 g/100 g lower belly fat IV than pigs fed soybean oil from d 42 to 84. Therefore, similar to backfat, period influenced IV only when pigs were fed soybean oil. Feeding the blend of soybean oil and tallow or soybean oil from d 0 to 84 increased IV by 5.3 and 12.2 g/100 g, respectively, compared with pigs fed tallow. For pigs fed fat from d 0 to 42 and the control diet from d 42 to 84, soybean oil and the blend of soybean oil and tallow increased belly fat IV by 4.0 and 2.4 g/100 g, respectively, compared with those fed tallow. Conversely, for pigs fed the control diet from d 0 to 42 and then fed added fat from d 42 to 84, the blend of soybean oil and tallow and soybean oil increased belly fat IV by 3.9 and 8.9 g/100 g, respectively, compared with those fed tallow.
Jowl fat. Similar to both belly fat and backfat, pigs fed 4% added fat had increased (P < 0.05) jowl fat IV compared with pigs fed the control diet (Table 7) . Fat source × feeding duration interactions were observed for the blend of soybean oil and tallow vs. soybean oil (P = 0.005) and for tallow vs. soybean oil (P = 0.001). There was also a trend (P = 0.067) for a fat source × feeding duration interaction for tallow vs. the blend of soybean oil and tallow. When pigs were fed added fat for 84 vs. 42 d, IV increased 5.5 g/100 g in pigs fed soybean oil and 2.3 g/100 g in pigs fed the blend, whereas duration of feeding did not affect IV in pigs fed tallow. No interaction was found for fat source × feeding period between any treatments for jowl fat IV. Feeding the blend of soybean oil and tallow or soybean oil from d 0 to 84 increased jowl fat IV by 4.7 and 10.8 g/100 g, respectively, compared with pigs fed tallow. For pigs fed fat from d 0 to 42 and the control diet from d 42 to 84, the blend of soybean oil and tallow or soybean oil increased jowl fat IV by 2.2 and 4.5, respectively, compared with those fed tallow. For pigs fed the control diet from d 0 to 42 then fed added fat from d 42 to 84, the blend of soybean oil and tallow or soybean oil increased jowl fat IV by 2.9 and 6.2 g/100 g, respectively, compared with those fed tallow.
Discussion
Adding fat from d 0 to 42 or 42 to 84 increased ADG and improved F/G compared with pigs fed no fat from d 0 to 84. Added fat from d 0 to 84 increased backfat depth, which tended to reduce the carcass FFLI. Similar improvements in ADG and F/G were observed among pigs when feeding either soybean oil, tallow, or their blend.
As previous data suggest, C18:2 increased as soybean oil was added to diets, which resulted in an increase in PUFA. As PUFA increased, IV increased within each fat depot. Conversely, as soybean oil was added to diets, C18:1 decreased, which lowered MUFA for all individual fat depots. Pigs fed diets containing the blend of soybean oil and tallow had similar responses, but not to the extent of the pigs fed only soybean oil. Pigs fed tallow had the least change in fatty acids and IV compared with pigs fed the other fat sources.
Jowl fat, unlike the other two depots, did not show a period effect for IV when adding dietary fat. The lack of a period effect for jowl fat is reflective of the slow turnover rate of this fat depot. Interestingly, tallow did not affect SFA levels in fat depots. Because neither MUFA nor PUFA were significantly affected by tallow compared with a control diet, IV values were not significantly altered by tallow. Therefore, feeding tallow can improve rate of gain and feed efficiency without affecting IV. Feeding soybean oil also can improve both ADG and feed efficiency, but it negatively affects fatty acid composition and IV. This negative impact can be improved by utilizing a withdrawal strategy, but IV levels remain above controls even after a long-term withdrawal of 42 d. 1 A total of 160 finishing pigs (PIC 337 × 1050, initial BW of 100.5 lb) were used in an 84-d finishing trial with 2 pigs per pen and 8 pens per treatment. 2 Control = no added fat; tallow = 4% beef tallow; soy = 4% soybean oil; blend = 2% tallow and 2% soybean oil 3 There were no fat × fat source interactions P > 0.05. 4 The period 1 (d 0 to 42) contrast statements are as follows: 1 = no added fat vs. added fat (treatments A, D, G, J vs. B, C, E, F, H, I); 4 = tallow vs. blend (treatments B and C vs. E and F); 5 = blend vs. soy oil (treatments E and F vs. H and I); 6 = tallow vs. soy oil (treatments B and C vs. H and I). 
